In Abelian monopole theories the magnetic coupling is required to be enormous. Using the electric-magnetic duality of electromagnetism, it is argued that the existence of such a large, nonperturbative magnetic coupling should lead to a phase transition where magnetic charge is permanently confined and the photon becomes massive. The apparent masslessness of the photon could then be used as an argument against the existence of such a large, nonperturbative magnetic charge. Finally it is shown that even in the presence of this conjectured dynamical mass generation the Cabbibo-Ferrari (1962) formulation of magnetic charge gives a consistent theory.
STRONG COUPLING PHASE TRANSITION
Normally the gauge bosons of a theory are said to be massless due to the requirement of gauge invariance. If the Lagrangian of a theory has a mass term for the gauge bosons (i.e., a term like ~m2A~A~), then the Lagrangian is no longer invariant under the gauge transformation of the gauge field [i.e., A, ---> A~ -(1/e)a~A(x), where A(x) is an arbitrary function]. One escape from this prohibition is the Higgs mechanism (Higgs, 1964a (Higgs, , b, 1966 , which allows the gauge boson to have a mass while still remaining consistent with gauge invariance. This is accomplished by coupling the gauge boson to a scalar field which develops a vacuum expectation value. A less often stated restriction is that the coupling of the gauge boson to particles of the theory needs to be small enough (Huang, 1982) so that the gauge boson does not become massive through some nonperturbative mechanism (e.g., the technicolor models for mass generation in the standard model). It is difficult to give a definite value for how small the coupling constant should be in order to ensure the masslessness of the gauge boson, but requiring that it be small enough so that perturbation theory is valid seems a good rule of thumb.
Singleton Wilson (1974) argued that in a U(1) gauge theory there should be some critical coupling ec below which the U(I) gauge boson is massless and the charges are free, and above which the gauge boson becomes massive and charges are confined. Wilson's conjecture does not determine whether this phase transition from massless gauge boson to massive gauge boson is a first-or second-order transition, nor does it give the value of the critical coupling at which this transition should occur. This conjectured mechanism, which dynamically generates a mass for the U(1) gauge boson, is similar to an effect which was found to occur in QED in 1 + 1 dimensions. Schwinger (1962a,b) rigorously showed that in I + 1 dimensions the photon would acquire a mass proportional to e 2, the square of the coupling. Thus in (1 + l)-dimensional QED ec = 0, and the photon always becomes massive. Schwinger also conjectured that the same effect could occur in 3 + 1 QED for some unspecified, large coupling. Guth (1980) showed that a U(1) gauge theory will indeed undergo a phase transition as conjectured by Wilson and Schwinger, but no theoretical value for the critical coupling constant was given. Thus for (3 + l)-dimensional QED it may be an "accident" of the gauge coupling e being small that results in the physical photon being massless within very stringent limits [the upper bound on the photon mass is 3.0 X 10 -27 eV = 5.3 X 10 -63 kg > m.y (Particle Data Group, 1994)]. The amazing success of perturbation theory for the electromagnetic interactions of the electron also indicates that the physical electromagnetic coupling is below this unknown critical value. QCD, in contrast, is thought to exist in the confining phase with a fine structure constant as = g2/4"rr on the ~(1).
In Dirac's theory of magnetic charge one allows the vector potential A to develop a singularity that runs from the location of the magnetic charge to spatial infinity, so that V.B = p,,, is consistent with the B = V x A (Dirac, 1931 (Dirac, , 1948 . Dirac also showed that in order for the wavefunction of an electrically charged particle in the presence of this string singularity to be single-valued, the following quantization condition had to hold: eg n 4"rr 2
(1) where n is an integer, g is the magnitude of the magnetic charge, and e is the magnitude of the electric charge (which we will take to be the charge of the electron). There are other ways of formulating a theory of magnetic charge without having to take recourse to a singular vector potential [the fiber bundle approach of Wu and Yang (1975) or the two-potential approach of Cabbibo and Ferrari (1962) ]. In all these various theories, however, one eventually ends up with a similar quantization condition. The best modelindependent argument for this is due to Saha (Saha, 1936 , 1949 Wilson, 1949) . If one considers a particle with electric charge e in the presence of a
